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Measurement of Cervical Sagittal Alignment Parameters on X-Ray Films of Adults
without Severe Spinal Deformity Whose Shoulder Hides the Lower Cervical Column

Hitoshi Yamahata', Jun Sugata’, Masanao Mori', Tadaaki Niiro’, Masanori Yonenaga', Satoshi Yamaguch#’,
Takaaki Hiwatari’, Tomohisa Okada’, Kazunori Arita’, Koji Yoshimoto’

OBJECTIVE: The Cobb angle between the lower endplate
of C2 and C7 (C2L—C7L angle) is a traditional parameter used
for the assessment of the cervical alignment. However, when
the lower cervical column is masked by the shoulder, mea-
surements are difficult. In the present study, we inspected
191 X-ray films, measured the Cobb angle between C2L and
the endplates at the several levels of the lower cervical
column, and assessed their usefulness of such measure-
ments for the determination of cervical sagittal alignment.

METHODS: We obtained X-ray films on 191 patients
ranging in age from 20 to 93 years. The Cobb angle between
C2L and the C7 upper (C7U), the C6 lower (C6L), the C6 upper
(C6U), and the C5 lower endplate (C5L) was measured and
compared with the C2L-C7L angle.

RESULTS: C7L was identified in 116 of 191 patients (60.7%).
Except for C2L-C7U angle (P = 0.55), the difference in the
mean between C2L-C7L angle and the angle between C2L and
the other endplates was statistically significant (P < 0.05).
There was a very strong correlation between C2L-C7L angle
and C2L-C7U angle (r = 0.99), C2L-C6L angle (r = 0.96), C2L-
C6U angle (r = 0.94), and C2L-C5L angle (r = 0.86).

CONCLUSIONS: To measure the C2L-C7L angle on unclear
X-ray films, C7U can be substituted for C7L. Our measurement
data for the C6 and C5 endplates were statistically different;
however, the correlation between the C2L-C7L angle and C2L-
C6U angle, C2L-C6L angle or C2L-C5L angle was very strong. In

patients with unclear lower vertebral bodies, cervical sagittal
alignment can be predicted by using adjacent endplates.

INTRODUCTION

agittal alignment plays an important role in spinal patho-
physiology, and cervical sagittal alignment affects the

maintenance of the global sagittal balance.”® As the natural
curvature of the cervical spine is lordotic,” loss of lordosis by, or
kyphotic alignment of, the cervical spine contributes to the
development of myelopathy.” Consequently, maintaining the
physiologic sagittal alignment of the spine is essential for its
long-term function. We compared sagittal alignment pre- and
postoperatively to evaluate the treatment outcome.

Among parameters used for the assessment of sagittal cervical
alignment,”>7'%°72 the Cobb angle between the lower endplates
of C2 and C7 (C2L-C7L angle) is a traditional parameter for the
assessment of cervical lordosis.”>"® When the lower cervical col-
umn is masked by the shoulder, PACS software is useful.”
However, in individuals with a short neck or square shoulders,
it can be difficult to observe the lower cervical column,
especially in the flexion position.

Some reports on the assessment of cervical lordosis cited mea-
surement difficulties when the X-ray films were unclear®® ™47
and the divergence in inter- and intraobserver evaluations
rendered the findings unreliable. In some instances, we replace the
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C2L: C2 lower endplate

C2L-C7L angle: Cobb angle between C2L and C7L
C5L: C5 lower endplate

C6L: C6 lower endplate

C6U: C6 upper endplate

C7L: C7 lower endplate

C7U: C7 upper endplate

CT: Computed tomography

MRI: Magnetic resonance imaging
ROM: Range of motion
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Figure 1. Measurements of the Cobb angle on X-ray images. (A) C2L-C7L
angle, (B) C2-C7U angle, (C) C2L-C6L angle, (D) C2L-C6U angle, and (E)
C2L-C5L angle.

unclear film with the adjacent endplate; however, the validity of this
substitution remains to be established.

In the present study, we recorded the Cobb angle between C2L
and endplates at several levels of the lower cervical column to
assess whether the obtained measurement values were useful for
determining the cervical sagittal alignment.

MATERIALS AND METHODS

The ethics committee of Kagoshima University approved this
study. Included were 191 symptomatic and asymptomatic patients

Table 1. Visibility of the C7 Lower Endplate on Cervical X-ray ‘

Images

Clear (n = 116) Not Clear (n = 75) P Value

Age, years GINIR=E13 62.1 + 11 0.730
Sex, M/F 57/59 58/17 0.000
Asymptomatic/symptomatic 28/88 5/70 0.001

M, male; F, female.

Table 2. Measurement Results for the Cobb Angle Between the

C2 Lower Endplate and Other Endplates in the Lower Cervical
Column

Radiographic Parameter Mean + SD (°) P Value
C2L-C7L angle 9.06 + 14 -
C2L-C7U angle 7.98 £ 13 0.55"
C2L-C6L angle 434 +£13 0.01*
C2L-C6U angle 474 £13 0.02¢
C2L-C5L angle 231 £ 12 0.00*
SD, standard deviation; C2L, C2 lower endplate; C7L, C7 lower endplate; C7U, C7 upper

endplate; C6L, C6 lower endplate; C6U, C6 upper endplate; C5L, C5 lower endplate.
*Unpaired Student ¢ test compared with the value from C2L-7L angle.

ranging in age from 20 to 93 years who underwent a checkup of
the head or cervical region before cranial or spinal surgery or who
were followed up postoperatively. They presented with 33 cranial
(brain tumor, n = 12; cerebral infarction, n = 6; headache, n = s;
other, n = 10) and 158 spinal diseases (atlantoaxial subluxation,
n = 5; cervical spinal canal stenosis, n = 125; spinal tumor, n = 13;
spinal dural arteriovenous fistula, n = 6; other, n = g). Excluded
were patients whose subaxial cervical column endplates were
unclear due to severe degenerative changes, patients who had
undergone insertion of autologous bone grafts or spacers, and
patients with severe spinal deformity.

All cervical lateral radiographs (neutral, flexion, extension) were
obtained with the patient sitting on a stool with the arms hanging
down loosely; the head was upright with horizontal gaze. The

Table 3. Correlation Coefficients for the Cobb Angle Between

the C2 Lower Endplate and Other Endplates in the Lower
Cervical Column

C2L-C7L Angle

C2L-C7U angle

r 0.99

P value 0.00
C2L-C6L angle

r 0.96

P value 0.00
C2L-C6U angle

r 0.94

P value 0.00
C2L-C5L angle

r 0.86

P value 0.00
C2L, C2 lower endplate; C7L, C7 lower endplate; C7U, C7 upper endplate; C6L, C6 lower

endplate; C6U, C6 upper endplate; C5L, C5 lower endplate.
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Figure 2. Linear regression analysis of the Cobb angle between the C2
lower endplate (C2L) and other endplates. (A) C2L-C7L angle and C2L-C7U
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angle, (B) C2L-C6L angle, (C) C2L-C6U angle, and (D) C2L-C5L angle.

Cobb angle between C2 and C7 lower endplate (C2L-C7L angle),
C2 and the C7 upper endplate (C2L-C7U angle), C2 and the C6
lower endplate (C2L-C6L angle), C2 and the C6 upper endplate
(C2L-C6U angle), and C2 and the Cg lower endplate (C2L-CsL
angle) was measured on X-ray images (Figure 1).”> Lordosis was
recorded as a positive and kyphosis as a negative value. The

cervical range of motion (ROM) was defined as the sum of the
Cobb angle at flexion and extension on lateral radiographs.

The Cobb angle and the ROM between C2L and C7L and the
other endplates were compared with the unpaired Student t test.
The correlation between these angles was analyzed with the
Pearson correlation coefficient (r) and linear regression analysis.
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The classification of cervical alignment based on several Cobb
angles and the rate of C7L visibility was assessed by ¥ analysis. To
compare findings in patients whose C7L was visible or invisible,
we applied the Mann—Whitney U test and 7* analysis. Statistical
analyses were performed using SPSS, version 24.0 (IBM Corp.,
Armonk, New York, USA). Differences of P < o0.05 were consid-
ered statistically significant.

RESULTS

Of our 191 patients, 76 (39.8%) were female; 115 (60.2%) were male.
They were separated into 2 groups. In one (n = 116; 60.7%), C7L was
identified. In the other group, composed of 75 patients (39.3%), it
was not clearly visualized. In the latter without clear C7L, the lowest
clearly identifiable endplate was C7U (n = 42, 56.0%), COL (n = 16,
21.3%), COU (n = 14, 18.7%), and CsL (n = 3, 4.0%).

As show in Tahle 1, C7L was visualized in 59 of 76 women (77.6%)
and in 57 of 115 men (49.6%) (P = 0.000, ¥ analysis), whereas the
average age was not statistically significant. According to the
purpose of the examination (cervical X-ray), 33 patients with
cranial disease were considered to be asymptomatic and 158 with
spinal disease as symptomatic. The rate of C7L visualization was
significantly greater in asymptomatic than symptomatic patients
(P = o.001, % analysis) (Table 1).

We measured the Cobb angle only in the 116 patients (57 men, 59
women, age range 20—93 years, mean 61.1 years) whose C7L was
visualized. The average C2L-C7L angle, C2L-C7U angle, C2L-C6L
angle, C2L-C6U angle, and C2L-CsL angle was 9.06 £ 1.3°, 7.98
+ 1.2° 4.34 £ 1.27°, 4.74 + 1.2°, and 2.31 + 1.0°, respectively.
Except for C2L-C7U angle (unpaired Student t test, P = 0.55), the
difference in the mean angle between C2L-C7L angle and the other
parameters was statistically significant (unpaired Student t test,
P < 0.05) (Table 2).

By using Pearson correlation analysis, we identified a very strong
correlation between C2L-C7L angle and C2L-C7U angle (r = 0.99,
P = 0.00), C2L-C6L angle (r = 0.96, P = 0.00), C2L-C6U angle (r =
0.94, P = 0.00), and C2L-CsL angle (r = 0.86, P = 0.00) (Table 3).
Using linear regression analysis (Figure 2), we established
statistically significant linear regression models by applying the
following formulae: [C2L and C7L = 0.806 + (1.035 x C2L and
C7U)]; [C2L and C7L = 4.775 + (0.988 x C2L and C6L)]; [C2L
and C7L = 4.191 + (1.029 x C2L and C6U)]; and [C2L and C7L =
6.675 + (1.035 x C2L and CsL)].

Next, we examined the ROM by using different endplate levels.
The average ROM for C2L-C7L angle, C2L-C7U angle, C2L-C6L
angle, C2L-C6U angle, and C2L-CsL angle was 46.3 + 14°, 45.1
+ 14° 39.6 + 13°, 38.1 + 13°, and 31.0 & 10°, respectively. As
noted with respect to the Cobb angle, except for C2L-C7U angle
(unpaired Student t test, P = 0.61), the difference in the mean
between the ROM at C2L-CyL angle and the other levels was
statistically significant (unpaired Student t test, P < 0.05)
(Table 4).

The Pearson correlation was very strong between ROM at C2L-
C7L angle and at C2L-C7U angle (r = 0.98, P = 0.00), at C2L-C6L
angle (r = 0.94, P = 0.00), at C2L-C6U angle (r = 0.94, P = 0.00),
and at C2L-CsL angle (r = 0.86, P = 0.00) (Table 5). The results of
linear regression analysis of the cervical ROM are shown in
Figure 3.

Table 4. Cervical ROM Using the Cobb Angle Between the C2

Lower Endplate and Other Endplates of the Lower Cervical
Column

ROM Mean =+ SD (°) P Value
C2L-C7L angle 463 + 14 -
C2L-C7U angle 451 £ 14 061"
C2L-C6L angle 396 £ 13 0.002*
C2L-CéU angle 381 +£13 0.000*
C2L-C5L angle 310+ 10 0.000*

ROM, range of motion; SD, standard deviation; C2L, C2 lower endplate; C7L, C7 lower
endplate; C7U, C7 upper endplate; C6L, C6 lower endplate; C6U, C6 upper endplate;
C5L, C5 lower endplate.

*Unpaired Student ¢ test compared with the value from C2L-7L angle.

Lastly, we assessed the usefulness of the Cobb angle obtained at
different levels for the classification of cervical sagittal alignment.
Based on the Cobb angle, we divided cervical lordosis into 3 sub-
groups (>+5° = lordotic, 45 to —5° = straight, < —5° = kyphotic).”®
Based on the C2L-C7L angle, 116 patients were divided into 3 groups,
(lordotic [n = 74], straight [n = 23], and kyphotic [n = 19]) (Table 6).
We also divided the 116 patients into 3 groups based on the angle at
C2L-C7U angle, C2L-C6L angle, C2L-C6U angle, and C2L-CsL angle.
Except for C2L-C7U angle (P = 0.63, * test), the difference between
the angle at C2L-C7L angle and the other levels was statistically
significant (% test, P < 0.05).

DISCUSSION

Evaluation of the cervical sagittal alignment applies parameters
calculated from anatomical landmarks such as the

Table 5. Correlation Coefficients for the Cervical ROM Using

the Cobb Angle Between the C2 Lower Endplate and Other
Endplates of the Lower Cervical Column

ROM C2L-C7L Angle
C2L-C7U angle

r 0.98

P value 0.00
C2L-C6L angle

r 0.94

P value 0.00
C2L-C6U angle

R 0.94

P value 0.00
C2L-C5L angle

R 0.86

P value 0.00
ROM, range of motion; C2L, C2 lower endplate; C7L, C7 lower endplate; C7U, C7 upper

endplate; C6L, C6 lower endplate; C6U, C6 upper endplate; C5L, C5 lower endplate.
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Figure 3. Linear regression analysis of the cervical range of motion based on
Cobb angle between the C2 lower endplate (C2L) and other endplates. (A)
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craniovertebral junction, the cervical spine, and the cervico-
thoracic junction.”” The cervicothoracic junction is occasionally
used for pre- and postoperative assessments, and the Cobb angle
between C2 and the C7 lower endplate has been determined to
evaluate cervical lordosis. The Gore or Jackson method also has
been applied for the evaluation of cervical lordosis; they record
the angle between lines drawn parallel to the posterior surface of
the C2 and C7 vertebral bodies.”* The Tr slope, defined as the

angle between the horizontal plane and the T1 upper endplate,
reflects the sagittal global balance.” The thoracic inlet angle
and the neck tilt are derived from the Tr slope; they provide
information on the cervical sagittal balance, e.g., the
relationship among pelvic parameters, pelvic incidence, pelvic
tilt, and the sacral slope.>'” Exact measurements of these pa-
rameters require clarity of the cervicothoracic structures on X-ray
images.
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Table 6. Classification of 116 Patients into 3 Groups Based on‘

the Cobb Angle

Alignment
Endplate Lordosis Straight Kyphosis P Value
C2L-C7L angle 74 23 19 —
C2L-C7U angle 67 28 21 0.63*
C2L-C6L angle 55 32 29 0.04*
C2L-CéU angle 55 33 28 0.04*
C2L-C5L angle 45 39 28 0.002*
C2L, C2 lower endplate; C7L, C7 lower endplate; C7U, C7 upper endplate; C6L, C6 lower

zendplate; CeU, C6_ upper endplate; C5L, C5 lower endplate.

* test compared with the value from C2L-7L angle.

In patients with thoracolumbar spinal diseases, the sagittal
vertical axis is a key factor for assessing the alignment.”* Sagittal
misalignment, defined as a C7 plumb line >50 mm anterior to the
posterosuperior aspect of the sacrum, negatively affects the quality
of life in patients with adult spinal deformity. Tang et al.,® who
measured the C2—Cy vertical axis, demonstrated that the level
of disability increased with the degree of sagittal malalignment
after cervical reconstruction surgery. These findings indicate that
the cervicothoracic junction is the key structure for the
assessment of sagittal alignment and the global balance.

On X-ray images, the cervicothoracic junction may not be clearly
depicted. Sasaki et al.,”” who studied healthy Japanese adults,
found that a shoulder shadow hampered measurements of the
cervical spinal canal at the sixth and seventh cervical vertebrae.
Park et al.”® reported that the upper edge of the sternum and
the Tr vertebral body were clearly visualized on only 11% of X-
ray images obtained in asymptomatic individuals. We were able
to identify the lower endplate of C7 in 60.7% of our 191 study
subjects. Although our inclusion requirements were not strict,
our findings alert to the high number of X-ray films on which
the Cy vertebra was not clearly visualized.

Our findings demonstrate that 2 factors affected the visibility of the
C7L on cervical X-ray films: female sex and symptoms (Table 1). Female
patients are thought to have less muscle volume and lower shoulders
than male patients; consequently, our findings are reasonable.
Cervical degenerative changes including osteophytes and disc space
narrowing tend to be observed more often in symptomatic than
asymptomatic individuals. Although we found that the rate of C7L
visualization was significantly greater in asymptomatic than
symptomatic patients, additional studies are needed to clarify the
relationship between the visibility of the lower cervical column and
symptomatology by using stricter inclusion criteria.

The present study demonstrates that cervical lordosis based on
C2L-C7U angle was not statistically different from the traditional
Cobb angle, C2L-C7L angle (Table 2). Furthermore, there was no
statistically significant difference in the ROM and the alignment
classification (lordotic, straight, kyphotic) based on C2L-C7L
angle or C2L-C7U angle measurements (Tables 3 and 5). These
findings indicate that the C7U can be substituted for the CyL

when the shoulder masks the lower cervical column. Although
data obtained from C6 or Cs5 endplates were statistically different,
the correlation between C2L-C7L angle and C2L-C6U angle, C2-
C6L angle, and C2L and CsL angle was very strong (Table 3).
Consequently, it is not difficult to predict cervical sagittal
alignment by using the adjacent endplates on X-ray images with
unclear lower vertebral bodies. To our knowledge, this is the first
study to demonstrate the usefulness of the Cobb angle of adjacent
endplates when C7L is not visualized on X-radiographs.

Modalities other than X-ray studies have been applied to assess
cervical alignment parameters. Due to the unclearness of the X-ray
films, Jun et al."* examined the value of the computed tomography
(CT) for the assessment of cervical alignment parameters. They
reported that the C27 alignment (which was same as our C2L-C7L
angle) on X-ray was statistically larger than the C27 alignment on
CT (17.3 £ 9.3° on X-ray, 11.35 % 9.3° on CT, P = 0.000) with strong
correlation between the C27 alignment on X-ray and the C27 align-
ment on CT images (r = 0.602, P = 0.000, Pearson correlation co-
efficient). Liu et al.” found a statistically significant difference
between cervical alignment values obtained by magnetic resonance
imaging (MRI)-and X-ray studies (12.89 + 8.38° vs. 16.55 £ 8.12°,
P = 0.000); there was a strong correlation between the C2—C7
Cobb angle on X-ray images and MRI scans (r = 0.699, P = 0.000
[Pearson correlation coefficient]). Although CT and MRI may be
alternatives to X-ray studies, measurements obtained with the
subject in the supine and the erect position were very different.
Therefore, we think that instead of resorting to different imaging
modalities, it makes more sense to use the level adjacent to the
undepicted level for assessing cervical alignment.

Our study has some limitations. First, it was retrospective and
without a clinically normal population. It is possible that coexisting
diseases affected the measured alignment values. Therefore, the
depiction of the C7 endplate on X-ray films of healthy asymptomatic
subjects must be examined. Second, all patients were Japanese and
older than 20 years; it is not clear whether our findings can be
extrapolated to individuals who are not Japanese. Third, all exam-
inations were with the subjects in a sitting posture; results may
differ in a standing position.”* Nonetheless, rather than recording
the absolute value of the Cobb angle at different levels, we
examined whether cervical alignment could be determined based
on adjacent endplate measurements. Fourth, as our study did not
include adults with spinal deformity, our findings only apply in
individuals whose cervical spine is aligned normally.

CONCLUSIONS

To measure Cobb angle between C2L and CyL on unclear X-ray
films, C7U can be substituted for C7L. Although data obtained for
C6 and Cs endplates were statistically different, the correlation
between C2L-C7L angle and C2L-C6U angle, C2L-C6L angle, and
C2L-CsL angle was very strong. In individuals with a normally
aligned cervical spine whose lower vertebral bodies are not clearly
depicted on X-ray films, the use of adjacent endplates helped to
assess pre- and postoperative sagittal alignment.
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